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NLRP3 INFLAMMASOME PLAYS A CRITICAL ROLE IN THE
PATHOGENESIS OF HYDROXYAPATITE-ASSOCIATED ARTHROPATHY
C. Jin 1, P. Frayssinet 2, R. Flavell 1. 1 Yale Univ., New Haven, CT, USA;
2 Le Gaillard, St Lys, France
Purpose: The pro-inﬂammatory and catabolic cytokine IL-1b has been
implicated in the pathogenesis of osteoarthritis (OA) by mediating
synovial inﬂammation and cartilage degeneration. The level of IL-1b is
elevated in synovial ﬂuids and the cartilage of OA patients. Genomic
studies have identiﬁed the association of genes encoding IL-1a, IL-1b,
and IL-1 receptor antagonist (IL1RN) with the development of human
OA, and IL-1b antagonists have shown some efﬁcacy in the treatment of
OA in animal models. Although synovial macrophages are suggested to
be the source of IL-1b, the mechanism remains unclear. Ectopic depo-
sition of hydroxyapatite (HA) crystals in joints is closely associated with
OA and other arthropathies, but the precise role of HA in arthritis
pathogenesis has not been clearly demonstrated. As IL-1b secretion is
tightly controlled by inﬂammasomes, and the crystalline nature of HA is
reminiscent of a number of identiﬁed agonists of the NLRP3 inﬂam-
masome, we aimed to test the hypothesis that the NLRP3 inﬂamma-
some might mediate the pathological effect of HA crystals in OA.
Methods: To characterize the inﬂammatory property of HA crystals,
LPS-primed primary murine macrophages were stimulated with
different forms of synthetic HA crystals and the secretion of pro-
inﬂammatory cytokines TNF-a, IL-1b and IL-18 were analyzed. To
understand the underlyingmolecular mechanism, we further examined
such HA-induced response from macrophages derived from mice
lacking different inﬂammasome components including NLRP3, ASC,
caspase-1 and NLRC4, and under conditions in which potassium efﬂux,
phagocytosis or ROS production was inhibited. To verify the physio-
logical relevance of our in vitro ﬁndings in the context of joint inﬂam-
mation, we applied the established air pouch model and compared the
HA-induced neutrophil inﬂux and pro-inﬂammatory cytokine produc-
tion in the pouch exudates between inﬂammasome-deﬁcient mice and
WTs. Furthermore, we generated NLRP3/ANK and caspase-1/ANK
double knockout mice to examine whether the lack of NLRP3 inﬂam-
masome could suppress the development of joint destruction induced
by the ANK-deﬁciency-associated spontaneous HA deposition.Results: Although the HA crystals we tested all had the same chemical
composition, their pro-inﬂammatory activities varied greatly with their
physical parameters, and only the crystals of size and shape similar to
those found in diseased joints stimulated robust secretion of the
proinﬂammatory cytokines IL-1b and IL-18 from murine macrophages
in a NLRP3 inﬂammasome-dependent manner. We found further that
activation of the inﬂammasome by HA was dependent on potassium
efﬂux, generation of reactive oxygen species (ROS), phagocytosis and
lysosomal damage, but independent of cell death. Mice lacking the
inﬂammasome components were protected against HA-induced
neutrophilic inﬂammation in the air pouch model of synovitis.
Furthermore, lack of NLRP3 or caspase-1 attenuated the arthropathy
associated with spontaneous HA deposition in ANK deﬁcient mice.
Finally, calcium-crystal-positive synovial ﬂuids from some OA patients
exhibited inﬂammasome-stimulatory activity in vitro.
Conclusions: Our results demonstrate that the NLRP3 inﬂammasome
mediates the pathological effect of HA crystals both in vitro and in vivo
and suggest a critical role for the inﬂammasome in the pathogenesis of
OA. Targeting NLRP3 inﬂammasome might have beneﬁcial effects on
osteoarthritis treatment.
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ELECTROARTHROGRAPHY: ELECTRICAL POTENTIALS MEASURED AT
THE SURFACE OF THE KNEE DURING MECHANICAL LOADING OF
THE JOINT ORIGINATE FROM THE ARTICULAR CARTILAGE AND CAN
ASSESS CARTILAGE DEGRADATION IN PATIENTS WITH
OSTEOARTHRITIS
A.-M. Préville 1, P. Lavigne 2, M. Buschmann 1, J. Hardin 3, Q. Han 1,
L. Djerroud 1, P. Savard 1. 1 Ecole Polytechnique de Montréal, Montreal,
QC, Canada; 2Hôpital Maisonneuve-Rosemont, Montreal, QC, Canada;
3Albert Einstein Coll. of Med., New York, NY, USA
Purpose: A new technique called electroarthrography (EAG) which
measures the electrical potentials on the knee surface during
mechanical loading of the knee joint was recently developed. The
purpose of this study was to determine the origin of the EAG signals and
to evaluate the effectiveness of EAG signals to assess joint cartilage
degeneration.
Methods: The study comprised two groups of subjects: 20 asymp-
tomatic subjects (Control group) and 20 patients diagnosed with
bilateral knee osteoarthritis (OA group), all of whom had had a unilat-
eral total knee replacement. The EAG signals were recorded over both
knees for the OA group, and over the dominant knee for the Control
group. The EAG potentials were recorded using a wireless recording
systemwith 8 electrodes pasted on the surface of the knee. The loading
of articular cartilage was performed by the standing subject with
a simple transfer of weight from one leg to another. This weight transfer
was repeated during two minutes to reduce the noise level by
computing average EAG values. The recorded signals were low-pass
ﬁltered, corrected for the drift of the baseline and averaged during the
multiple loading episodes. Finally, in order to examine the electrical
sources of EAG signals, a realistic ﬁnite element model of the knee was
developed which included the articular cartilage layers as electrical
sources and accounted for the inﬂuence of the conductivity of tissues
